Southlands Hospital, Shoreham-bySea, Sussex, England For the preacher's merit or demerit It were to be wished that the flaws were fewer In the earthen vessel holding treasure But the main thing is, does it hold good measure. Heaven soon sets right all other matters ROBERT BROWNING (Christmas Eve 1850) A NUMBER of reports have been published concerning vaporizers for halothane (Johnstone, 1956 (Johnstone, , 1957 Bryce-Smith and O'Brien, 1956; Mapleson, 1957; Epstein, 1957; Falkner Hill, 1957 , 1958 Brennan, 1957) but the majority of them depend upon a semiclosed nonabsorption technique and some involve the purchase of special apparatus; these, methods are therefore costly, with halothane at its present price of about ten pounds sterling for one pound avoirdupois. Marrett (1957) was the first to point out that halothane can be administered satisfactorily in a closed circuit and later Brennan, Hunter and Johnstone (1957) recommended a modified Waters to-and-fro absorption technique using a Fluotec vaporizer, but they admit that they are suspicious of a circle absorber in view of a possible rapid build-up of a lethal vapour concentration; nevertheless Gusterson (1957) had stated that satisfactory results can be obtained in a circle system using a standard Rowbotham's. bottle as the vaporizer, but he gave no evidence at the time for his statement and this paper is presented in support of his contention.
After over a year's clinical trial involving more than 500 selected cases it was decided to measure, by infrared gas analysis,, the concentration of halothane inspired by the patient during operations of up to one and a half hours duration. This time limit was imposed for a number of reasons, two of the more important being:
(1) After such time the level of halothane in Rowbotham's bottle, henceforth known as the "bottle", had fallen to below the metal wick. (2) In the present state of our knowledge it was thought wise to limit the administration to under two hours. It must -be admitted that to insert a bottle into the inspiratory side of a circle absorber involved some increase of resistance to inspiration, but in spite of repeated attempts to measure this with a water manometer during operations, no positive evidence could be obtained, possibly due in part to the fact that respiration under halothane anaesthesia is shallower and smoother than with most other volatile anaesthetics. There is no doubt that the design of the bottle (used for this purpose) could be improved and this is under consideration at the present time.
METHOD OF GAS ANALYSIS
Premedication and induction of anaesthesia in 25 selected routine operation cases was standardized as far as possible for the tests. Atropine 1.5 mg with or without morphia 10 mg were given one hour pre-operatively and anaesthesia induced with small amounts of thiopentone 200-500 mg. All the patients were intubated with a cuffed Magill endotracheal tube following an intravenous injection of suxamethonium 50-75 mg, pethidine 15-25 mg and spraying of the cords and trachea with 4 per cent lignocaine. Anaesthesia was maintained with nitrous oxide/oxygen at 2 litres/1 litre or oxygen only, at 1 litre per minute, passing into a standard B.O.C. circle absorption unit, to which was attached a Rowbotham's bottle containing 25 ml of halothane at theatre temperature, on the inspiratory side next to the flap valve. An intentional leak was permitted through the expiratory valve. 312 A small electric pump was used to draw off gases from the inspiratory conduit at the rate of i-1 litre per minute and to pass them through a metal tube into an infrared gas analyzer especially calibrated to register concentrations of halothane of up to 3 per cent. The gases once analyzed were returned to the expiratory side of the circuit.
Three sampling points were used during the experiments:
Point A. Immediately distal to the bottle. Point B. Two-thirds of the way along the inspiratory tubing of the circle absorber. Point C. The endotracheal connection. Readings were obtained for various settings of the vaporizer, for the two flow rates mentioned above and for both unaided and controlled respiration.
The zero setting of the analyzer was continuously checked and calibrated against a known concentration of halothane in air (3 per cent).
It was found that nitrous oxide and carbon dioxide in the circuit gave an error of 0.15 per cent but this was ignored. Water vapour did not affect the readings in any way.
As this investigation was undertaken more from a clinical standpoint than a laboratory one, it was considered that accuracy to the nearest 0.25" per cent would be acceptable to even the most meticulous of practising anaesthetists.
Readings were taken continuously throughout the anaesthesia at intervals of 2-3 minutes and 30-60 seconds after any alteration in either the lever setting, gas flow rate or type of respiration.
RESULTS
In order to avoid any confusion over the interpretation of the results obtained, graphs (figs. 1-4) were made from average readings with two standard bottles (used alternately) and tapping sampling point B. Readings taken from point A tended to be nearly 0.25 per cent higher and readings from point C were nearly 0.25 per cent lower due to dilution with the expired gases.
The phenomenon reported by Mapleson (1957) of a momentary initial kick in concentration, when the tap on the vaporizer was first turned on at the beginning of anaesthesia, was confirmed, but no concern was felt for this event as readings obtained from points A and C showed that dilution and possibly rubber absorption had minimized this effect by the time the gases reached the patient.
Variation of the tap settings at any time during the first hour, with or without change in either the new gas flow rate or type of respiration, gave remarkably constant readings on the analyzer (see table I ). At no time was there a build-up of concentration of halothane in the circuit; on the contrary, after about one hour of unaided respiration or half an hour of controlled respiration there was a decrease of about 0.25 per cent (see table II) .
It was only possible to achieve a concentration in excess of 3 per cent in one set of circumstances, when the bottle was turned full on, the/flow rate of new gases minimal and controlled respiration used; such an occasion was never found necessary in the past year's clinical trial nor in fact since, unless halothane was being used deliberately as a hypotensive agent comparable in degree to trimetaphan. This use of the drug, in the state of present knowledge, is not recommended.
The temperature of halothane in the vaporizer fell a maximum of 10°F after 1+ hours or after 15 ml of the liquid had been vaporized.
It was usual to use halothane at the rate of about 10 ml per hour for unaided respiration and double this rate in my hands for controlled respiration.
Refilling the vaporizer after 1-1£ hours did give slightly higher readings of a fluctuant nature for some 3-5 minutes but the explanation and description of these readings do not come within the scope of this paper.
SUMMARY AND CONCLUSIONS
From infrared gas analysis of the halodiane concentration in the inspired gases in a circle absorp-, tion system with some 25 selected operation cases and after a clinical trial of more than 500 patients it is shown that, using a standard Rowbotham's bottle in the circuit as the vaporizer, satisfactory and safe concentrations of halothane could be obtained and held for periods up to one and a half hours; furthermore there was no evidence of a build-up of concentration in the system nor was it possible to deliver to the patient concentrations in excess of 3.5 per cent.
The method described is economical and does not involve the purchase of expensive apparatus. 1 litre/min new gas flow. 
